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Unravelling the processes of bacterial 
evolution 

• Processes 

– Mutation 

– Homologous recombination 

– HGT 

 

• Data is available at multiple levels of resolution 

– Gene presence / absence 

– Allele profile 

– Sequence data 



Compatibility 

Given a character C and a tree T we can ask if the 
character is compatible with the tree. 



Compatibility 

Given a character C and a tree T we can ask if the 
character is compatible with the tree. 

A compatible character 



Incompatibility 



Incompatibility 

An incompatible character 



Compatible cliques of characters 

• Characters are said to be compatible with each other 
if there exists a tree which they are all compatible 
with. 

 



Allele profile data 

• Multi-level data 
– Strain type 

– Allele profile 

– Sequence 

 

e.g. MLST data  

locus L1 L2 L3 L4 L5 L6 L7 

ST1 1 1 1 1 1 1 1 

ST2 
…. 

1 1 2 1 1 1 1 

1 CCCTTGTTTAGTCCAAATTCACACCAATTTCA 

2 

… 

CCCTTATTTAGTCCAAATTCACACCAATTTCA 

… 

L3 



Allele profile data 

• Multi-level data 
– Strain type 

– Allele profile 

– Sequence 

 

e.g. MLST data  

locus L1 L2 L3 L4 L5 L6 L7 

ST1 1 1 1 1 1 1 1 

ST2 
…. 

1 1 2 1 1 1 1 

1 CCCTTGTTTAGTCCAAATTCACACCAATTTCA 

2 

… 

CCCTTATCTGGCTCAAATTCACACCAATTTCA 

… 

L3 



Clonal Frame 

Evolution of a single locus along a clonal frame by 
mutation (M) and recombination (R) events. A 
locus is a contiguous stretch of  DNA – it will be 
represented by one column in an allele profile.  

R 

M 

1 1 2 3 3 Allele Profile 

1 ACCGATATAGGATCGTTCGTCA 

2 ACCGTTGCAGGACTGCTAGCCA 

3 ACCGTTGCAGGTCTGCTAGCCA 

Allele type 2 and 3 differ from each other in a single 
position due to a mutation event. Allele type 1 and 2 
differ from each other in many positions due to a 
recombination event. This locus makes up a single 
column (bold) of the allele profile below. 

Allele types 

A B C D E 

A 11111… 

B 11212… 

C 12113… 

D 23114… 

E 23114… 



Recombinant 
DNA 

(A) ClonalFrame model: 
Recombination always 
introduces novel genetic 
material.  

(B) Intermediate model (C) ClonalOrigin model: 
Recombination always 
occurs within a closed 
population.  

Recombinant 
DNA 

A range of recombination models 

Open system Closed system 



Clonal Frame model – Infinite Alleles Model? 

A particular locus can undergo two types of events 
 mutation 
 recombination 
 
Parallel mutation should be infrequent as it 
requires  
1) that the next mutation in the sequence for that 
locus occurs at the same site, i.e. without any 

other mutations occurring in the meantime 𝑝 ∝
1

𝐿
 

2) And it further requires that the mutation is back 
to the initial state 
 
Parallel recombination might be more likely, 
especially in a closed system. In an open system – 
as per the ClonalFrame model – parallel 
recombination should be even less likely than 
parallel mutation. 
 

Recombinant 
DNA Pool 



Loci that haven’t undergone parallel 
recombination will produce a character 
(i.e. a column in the allele profile) that is 
compatible with the clonal frame. 

Blocks that have undergone parallel 
recombination (or parallel mutation) may 
produce characters that are not 
compatible with the clonal frame. 

A compatible character An incompatible character 



The Campylobacter jejuni data 

• 46 C. jejuni genomes 

• 686 genes in common across all 46 genomes 

 

 



Initial analysis 

• 686 characters 

• 9 constant, 2 parsimony uninformative 

• Theoretical best parsimony score 7083 

 (𝑟𝑙 − 1)

686

𝑙=1

 

Where rl is the number of alleles at locus l 

 

• Parsimony finds 3 equally parsimonious trees with 
score 8274 

• Consistency index 0.856 



Consensus network of 100 parsimony btsp 
trees showing splits with > 20% support 
 
Edge length proportional to support 

Tree is well supported 



Are some genes more prone to parallel events? 

 
Under the infinite alleles model all characters should have 
excess 0. 
 
Here there were 213 compatible (excess 0) characters 
 
And 473 characters that required at least 1 extra mutation 
 
 
 



Ancestral state reconstruction 

• Find the clonal frame using maximum parsimony 
 

• Use parsimony version of ASR work out all the 
transitions from one allele to another – look at 
the distribution of differences between pairs of 
alleles. 
 

• Compare the distribution of allele differences of 
compatible characters to that of incompatible 
characters 
 



Clear cases of parallel recombination 

100 

S107c - 0 

S85b - 0 

P553b - 0 

S251a - 0 

76062a - 1 

P164a - 0 

S331b - 0 

H742 - 0 

S264a - 0 

H798 - 0 

P28a - 1 

M28127 - 1 

H22082 -  0 

P110b - 0 

569a - 0 

H704 

P179a - 1 

M73020 - 1 

P694a - 0 

H892 - 7 

H773 - 6 

M880a - 6 

S22b - 0 

M28548 - 0 

S263c - 14 
N3d - 8 

W83a - 15 

ST2381 -15 

W135a - 17 

W120a - 16 

W63b - 9 

N53 - 9 

B1432b - 5 

R42b - 13 

B1410 - 4 

R31f - 12 

R52c - 12 

P104a - 10 

P544b - 11 

S150a - 0 

P722b - 11 

R68c - 4 

B1031a - 2 

B1395b  - 2 

B1367b - 3 

R75a - 3 

Allele 0 and 1 
differ at 20 sites 

100185noOut.fa 
18 alleles 
Excess of 3 



Are parallel events more often 
mutation or recombination? 
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Are some edges more prone to recombination events? 
 

• See scribbles 





Are some edges or clades more prone to parallel events? 

 



Conclusions 

• Overall AP data is very consistent, i.e. highly compatible, 
consistency index > 0.85 
 

• Clonal Frame wastes a lot of computational effort on 
finding the clonal frame but its model predicts (close to) 
perfect phylogenies. 
 

• Hard to tell if parallel mutation is more common than 
parallel recombination as recombination might occur 
frequently between alleles that aren’t very different. 
 

• Seems like different processes predominate in different 
parts of the tree. Sampling artefact? Testable? 
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